Supplementary Discussion

Numerical Simulation
For a weak DOPC focus (FBR < 5), the background light generated by the OPC beam is not negligible and contributes to N mode . We therefore suspect that in this case the FWHM and FBR may scale differently from 1/ N and N, respectively. In experiments, the FBR with a single OPC operation is < 5 due to the inter-pixel coupling and phase jitter of the SLM. To explore this regime, we use numerical simulations to compute the dependence of the FWHM, FBR, and the sound modulated light power on the iteration number N.
To mimic the random scattering media, we defined a 1.2x1.2x4 mm 3 volume filled with randomly distributed scatterers, whose volume density was 15% and average diameter was one micron. We assumed that the real part of the refractive index of the scatterers was randomly distributed from n min to n max and the imaginary part was zero. Therefore absorption was neglected, a reasonable assumption for NIR light in biological tissues. The value n max was controlled to yield the desired mean scattering path length. We divided the volume into 200 layers (phase masks). Light propagation between the phase masks was computed via the Fourier shift theorem. The associated Fourier transforms were computed with FFT in MATLAB. We simulated the light scattering process by multiplying the E field with the phase masks.
Polarization effects were not incorporated in the simulation.
We assumed that the light-ultrasound interaction was a simple Doppler shift and we approximated the ultrasound focus as a two-dimensional Gaussian function in the middle of the scattering volume. The light reaching the sound focus was frequency shifted and its intensity was multiplied by the ultrasound intensity. After that, only the frequency shifted E field was further forward propagated. We assumed that the DOPC system was an ideal pixelated OPC mirror: the phase of the E field was resampled on a grid of 200x200 pixels (the number was chosen to match the FBR with a single OPC operation in the experiment). For phase conjugation, we reversed the sign and propagation direction of the E field. For every iteration, we assumed that the amplitude of the OPC beam was uniform and identical such that the incident light power on the sample always had the same value.
Using these "building blocks", we ran simulations of iterative ultrasound guided DOPC and obtained the E field distribution at any desired location. To compute the PSF we convolved the focused light intensity distribution with a 6 micron diameter bead, as used in the experimental PSF measurements. From the resulting data, we determined the FWHM and the FBR. We computed the ultrasound modulated light power from the summation of the frequency shifted light intensity on the OPC mirror. We repeated all the simulations using different randomly generated scattering media with the same average scattering coefficient and g factor.
Our simulation does not accurately predict the decay of the axial FWHM (see Fig. 2 g) , likely due to the 2D approximation of the sound-light interaction. Since all other simulated values are in good agreement with the experiments, we did not expand our simple model, but note its limitations in predicting the 3D light intensity distribution.
Sample Preparation
We prepared the tissue phantoms used for Fig. 2 and 3 by mixing one micron diameter polystyrene beads suspension (2.6% solid) with Agar at 80:920 volume ratio. The scattering coefficient was measured using a previously described method 1 and amounts to 7.63 /mm, (95% confidence bounds: 7.46-7.79 /mm). We calculated the scattering anisotropy factor using a Mie scattering calculator 2 . The value is 0.9013 with the assumption n water = 1.330 and n polystyrene = 1.579. To prepare the c-shaped pattern, we manually punched a hole of 50 microns in diameter and 60 microns in depth on the surface of a 2 mm thick tissue phantom using a glass micropipette. We injected 6 micron diameter fluorescence beads into the hole. Through careful rinsing, we gradually removed the beads in the center until a c-shaped pattern remained.
Afterwards, we sealed the hole with a 0.2 mm thick tissue phantom, and recorded a widefield fluorescence image (Fig. 3 a) using an Olympus IX71 fluorescence microscope as a reference.
Finally, we added one 1.8 mm thick tissue phantom on top such that the fluorescence pattern was completely embedded in the middle of the 4 mm thick tissue phantom.
To measure the PSF through rat brain tissue ( Supplementary Fig. 1 ), we prepared a 1 mm thick Agar layer containing a sparse distribution of 6 micron fluorescence beads. The slice was sandwiched between two 1.2 mm thick fixed rat brain slices. The scattering coefficient of the rat brain tissue was determined in a previous study 1 and amounts to 12.78 /mm (95% confidence bounds: 11.6-13.96 /mm).
For the sample shown in Supplementary Fig. 2 , we dried a drop of 6 micron diameter fluorescence beads suspension on the surface of a 1 mm thick clear Agar slice. We then sealed the fluorescent beads with an additional 0.2 mm thick Agar layer. We selected a suitable bead pattern and cut out a small cube (~1x1x1.2 mm 3 ) containing this pattern. The cube was reembedded inside a clear 2 mm thick Agar slice, which was subsequently sandwiched between two 2 mm thick tissue phantoms. We prepared these two tissue phantoms by mixing 1.5 micron diameter polystyrene beads suspension (2.61% solid) with Agar at a 66:934 volume ratio. The calculated g factor is 0.93056 and the scattering coefficient was determined in a previous publication 1 to be 6.42 /mm (95% confidence bounds: 6.286-6.555 /mm) .
